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Estrutura da Aula

Acidos graxos em alimentos

Perspectiva histdrica da compreensao da relacao entre dieta e doencas cardiovasculares
Lipoproteinas e transporte de lipidios no plasma

Aterosclerose

AG polinsaturados n-3 e AG saturados x doencas cardiovasculares

Variabilidade das respostas a componentes da dieta na prevencao de DCV



Acidos Graxos Saturados

v" N3o apresentam duplas ligacdes.
v Apresentam pontos de fusdo mais elevados que os AG insaturados

v" Produzidos por todos os organismos.

v 0 acido palmitico é o produto direto da AG sintase.




Acidos Graxos Polinsaturados

Acidos graxos poliinsaturados (AGPI)

Sintetizados por algas unicelulares, plantas, microorganismos e alguns animais como certas espécies
de crustaceos (krill), nematoides (C. elegans) e artropodes (B. argentifolii).

Para sintetizar AGPIl, um organismo deve possuir dessaturases que atuem nos carbonos proximos ao
terminal metila (A12 e A15).

Os vertebrados possuem apenas A9 dessaturases e enzimas que inserem duplas ligagdes mais
proximas do grupo carboxila

AGPI de cadeia longa (C18) - presentes em altas concentracdes em 6leos vegetais como linhacga, soja,
girassol, etc. Plantas normalmente ndao produzem AGPI de cadeia muito longa

AGPI de cadeia muito longa (C20 — C22) — presentes em altas concentracdes no 6leo de peixes de aguas
frias. Acumulam-se em organismos no topo da cadeia alimentar como atum, salmao, arenque, focas, etc.



Sintese de acidos graxos
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Fat and FA content (saturated, monounsaturated and polyunsaturated) in different foods in g%

O acido estedrico (€C18:0)
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Acidos Graxos nos Alimentos

é mais abundantes em carnes de aves e mamiferos

AG saturados de cadeia média C12:0 — C14 sao abundantes em 6leo de c6co e palma

AG saturados de cadeia curta e média C4:0 — C6:0 sao abundantes em produtos lacteos

O acido palmitico (C16:0) é amplamente distribuido, encontrado especialmente no dleo de palma

AGPI de cadeia muito longa (n-3) EPA e DHA (C20:5n3, C22:6n3) - abundantes em peixes de aguas frias

Oils Dairy products Meat and fish
Fat and Coconut Palm Fish oil Olive Sunflower  Butter® Cheese, Milk, Milk, Beef, Beef, Chicken Game Game  Fatty fish
FA oil? oil? (cod liver)®*  oil? oil (high parmesan® cow?® sheep® tenderloin, sirloin, (white  meat, meat, (salmon,
LA, >65%)? raw? steak, meat)® antelope, moose, Australian)¢
raw® raw? raw?

Fat content 100.00  100.00 100.00 100.00 100.00 81.11 25.83 325 7.00 21.83 11.13 1.60 2.03 0.74 11.10

| SFA 86.50 4930 22.61 13.80 1030 61.92 63.53 5723 65.76  41.04 4035  23.13 36.45 29.73 28.03 |
12:0 44.60 0.10 NA 0.00 0.00 2.79 3.38 237 341 0.18 022  0.00 0.00 NA NA
14:0 16.80 1.00 3.57 0.00 0.00 10.01 11.27 914 943 3.07 316 0.63 0.99 0.00 0.80
16:0 8.20 43.50 10.63 1130 5.90 26.17 26.97 25,51 23.17  23.96 2429 1625 16.75 12.16 19.02
18:0 2.80 430 2.80 2.00 4.50 12.06 8.91 1123 1284 12.69 1236  6.25 18.23 17.57 6.10
MUFA 5.80 37.00 46.71 73.00 __19.50 28.13 29.09 2498 24.63 4242 42.81 30.00 23.65 20.27 25.80

[ 18:109 5.80 36.60 _NA 7130 19.50 25.03 25.77 2498 2226 37.29 37.80 __25.00 23.65 18.92 16.70 |
PUFA 1.80 930 22.54 10.50  65.70 3.69 2.20 6.00 0.31 3.99 3.80 25.00 21.67 32.43 40.00

I1A 1.80 9.10 0.94 9.80 65.70 2.25 1.05 3.69 2.59 2.57 244 15.00 12.32 18.92 2.90 |
AA 0.00 0.00 0.94 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.02 NA 0.12 0.07 5.10
ALA 0.00 020 0.94 0.80 0.00 1.45 1.15 2.31 1.81 1.15 119 063 345 4.05 0.80
EPA 0.00 0.00  6.90 0.00 0.00 0.00 0.00 0.00 NA NA 0.00  0.00 NA NA 6.60

| DHA 0.00 0.00 10.97 0.00 0.00 0.00 0.00 0.00 NA NA 0.00 1.25 NA NA 24.60 |

Abbreviations: AA, arachidonic acid; ALA, alpha-linolenic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; LA, linoleic acid; MUFA, monounsaturated fatty acids; NA, not

available; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids.
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REVIEWS: CURRENT TOPICS

The relation of saturated fatty acids with low-grade inflammation and
cardiovascular disease

Begoiia Ruiz-Niiiez*, D.A. Janneke Dijck-Brouwer, Frits A,J. Muskiet




Doencas Cardiovasculares

Doencas cardiovasculares sdo responsaveis por 1/3 das mortes!

Aterosclerose € um fator comum a varias doencas cardiovasculares.

InUmeros mecanismos envolvidos na etiologia da aterosclerose —
inflamacao, estresse oxidativo, desequilibrio no metabolismo de
lipidios.

Influenciadas por fatores genéticos e pelo estilo de vida/ ambiente
(dieta e atividade fisica).



O colesterol esta envolvido com a aterosclerose

Uber den Gehalt normaler und atheromatiser Aorten
an Cholesterin und Cholesterinestern.

Von
A. Windaus.

Adolf Otto Reinhold Windaus

=X

(Aus der medizinischen Abteilung des chemischen Laboratoriums Freiburg i. B.)
(Der Redaktion zugegangen am 8. Juni 1910.)

Versuch IIL

Normale Aorta von 31 g. Der Atherextrakt wog nur
0,49 g. Die Bestimmung ergab 0,032 g freies und 0,010 g ge-
bundenes Cholesterin. Die Aorta enthielt also 0,103 /o freies
und 0,032 °/o gebundenes Cholesterin. ‘

Wenn man bedenkt, da der Wert fiir das gebundene
Cholesterin nach der Digitoninmethode ein wenig zu hoch ge-
funden wird,?®) ergibt sich mit Sicherheit, daB die normalen
Aorten hochstens sehr geringe Mengen Cholesterinester enthalten.

Versuch IIIL

Atheromatdse Aorta von 78 g. Der Atherextrakt wog
3,27 g. Die Bestimmung ergab 0,578 g freies und 0,821 g ge-
bundenes Cholesterin. Dies entspricht 0,741 °/o freiem und

1,063 °/o gebundenem Cholesterin, . . i

Der Gehalt an freiem Cholesterin ist also 7mal, der | Em amostras de aorta com lesbes aterosclerdticas, o conteudo
Gehalt an gebundenem Cholesterin 26 mal grofer als in den . ) . .
normalen Aorten. Der Atherextrakt enthilt etwa 17,7 0/o freies de colesterol livre é 7 x maior e o de colesterol esterificado 26

Cholesterin und 42,3 °/y Cholesterinester (als Cholesteryloleat X maior m aortas ”n .
berechnet). Ubrigens gelang es ohne Schwierigkeit, aus dem alor que em aortas “normais-.

Atherextrakt die Cholesterinester selbst zu isolieren.?)



Os acidos graxos saturados estao associados com a dislipidemia

THE LANCET)]

ORIGINAL ARTICLES

[wov. 16, 1957

PREDICTION OF SERUM-CHOLESTEIROL
RESPONSES OF MAN TO CHANGES 1IN
FATS IN THE DIET*

ANceEL KEYS
M.A., Ph.D. California, Ph.D. Cantab.

Josepua T. ANDERSON
Ph.D. Rochester

Frawcisco GRANDE
M.D. Madrid

From the Laboratory of Physiological Hygiene of the Univers ity
of Minnesota, Minneapolis, and Hastings State Hospitcd,
Minnesota

from three experiments in Shime, Japan, on Japanese
coalminers (Keys et al. 1957b).

We report here the serum-cholesterol responses to
different amounts of dietary glycerides of saturated (S),
monoethenoid (M), and polyethenoid (P) fatty acids
producing 9-449%, of calories derived from fats. Besides
normal ‘“ house diets > and low-fat diets, the experiments
involved commercial grades of butter-fat, olive oil,
cotton-gseed oil, corn oil, sunflower-seed oil, hydrogenated
coconut oil (‘ Hydrol *), sardine oil, safflower oil, several
varieties of margarine, and the mixed fats of ordinary
American diets.

Diets

Our aim was to obtain information about the effects of

the fatty acids in the presence of ordinary foods in mixed

These experiments and their analysis offer no support
for the suggestion that a deficiency of essential fatty acids
produces the high serum-cholesterol levels characteristic
of populations subsisting on luxurious American and
Western European diets. Effective correction of these
high serum-cholesterol levels involves a decrease in the
most common fats in such diets and the secondary
substitution of fats high in polyethenoid fatty acids.

THE MEDITERRANEAN WAY
By the Authors of the Best-selling Book
EAT WELLAND STAY WELL

Ancel and Margaret Keys

Foreward by Joan Mayer,
Protessor of Nutrition, Haevand University School of Public Health




AG saturados e mortes por doencas cardiovasculares — The Seven Countries Study

THE DIET AND ALL-CAUSES DEATH RATE IN

THE SEVEN COUNTRIES STUDY*

THELANCET.JULY 11,1981

TABLE I-TEN-YEAR DEATH RATE PER 10 000, STANDARDISED BY
SINGLE YEARS OF AGE, OF MEN AGED 40—59 AT ENTRY, AND
AVERAGE NUTRIENTS AS % OF CALORIES IN THE DIET

Percentage of diet calories from: | Death rate
Cohort No. | Protein | Fat | Sat FA | Poly | All |CHD
B Belgrade 538 | 14 34 12 4 509 | 288
C Crevalcore 993 | 12-8 27 10 3 1241 | 248
D. Dalmata 671 | 14 32 9 7 758 | 86
[E. East Finland 817 | 12-6 | 39 22 3 117271 992
G. Corfu 5291 11-4 .| 33 7 4 764 | 144
[ Ushibuka 502 | 12 9 3 3 1248 | J&I
K Crete 686 | 10-6 40 9 3 543 9
M Montegiorgio 719 | 11-2 25 9 3 1080 | 150
N. Zutphen 878 | 12-2 40 19 5 1175 420
R Rome rail 768 | 13 30 8 3 1027} 290
S. Slavonia 696 | 13-8 33 14 3 1477 | 214
T. Tanushimaru 508 | 11 9 3 3 1006 | 88
C.U.S. rall 2571 | 14 40 18 5 1088 | 574
V. Velika Krsna 511 | 13-5 a5 9 3 1078 80
W. West Finland 860 | 12-2 35 19 3 1318 351
Z Zrenjanin 516 | 13-5 37 10 5 1101} 152
16 Cohorts 12763 12-6 32-4 1123 3-8 | 1071 260

Fat=total fat; Sat FA=saturated fatty acids; Poly=polyunsaturated fatty
acids; All=all deaths except from violence; CHD = death from coronary heart

disease.

233

Greece

) Japan

{

CHD mortality (%)

20
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o 1
260 3.65 390 455 520 538 6.50 715 7.80 8.45
Total cholesterol (mmol/l)

+O+ Northern - Europe  —O—Serbia -V- Southern-Europe, inland

—e— United States —4- Japan - ¥ Southern-Europe, mediterranean



AG saturados e trans e mortes por doengas cardiovasculares — The Seven Countries Study

PREVENTIVE MEDICINE 24, 308-315 (1995)

Dietary Saturated and trans Fatty Acids and Cholesterol and 25-Year
Mortality from Coronary Heart Disease: The Seven Countries Study*'t

DAAN KROMHOUT, "' ALESSANDRO MENOTTI,?> BENNIE BLOEMBERG,! CHRIST ARAVANIS,” HENRY BLACKBURN,?
RATKO BUZINA,* ANASTASIOS S. DONTAS,? FLAMINIO FIDANZA,® SIMONA GIAMPAOLI,” ANNEMARIE JANSEN, !
MARTTI KARVONEN,® MARTIJN KATAN,® AULIKKI NISSINEN, '° SRECKO NEDELJKOVIC,'! JUHA PEKKANEN,®
MAIJA PEKKARINEN,'? SVEN PUNSAR,'® LEENA RASANEN,'? BOZIDAR Simic,'* AND HIRONORI TOSHIMA'®

Correlations between Average Macronutrient Intake (%E),
Average Serum Cholesterol (mg/dl), and 25-Year Mortality
Rates from Coronary Heart Disease for the 16 Cohorts of the

Seven Countries Study

Serum
SFA CHOL CHD

Serum CHOL 0.71%* ot 0.73**
C12:0 0.83*++ 0.84*** 0.84+*x
C14:0 0.88*+* 0.81%++ 0.86+**
C16:0 0.97**+* 0.62* 0.81%**
C18:0 0.97*** 0.60* Q Bqx*x

| SFA 4 0.71** 0.88*** |
Ci8.1C 0.05 0.17 —0.08

| C18:1T 0.84%** 0.70** 0.78*** |
C18:2CC 0.30 —0.06 0.00
EPA + DHA (log) -0.51* -0.26 -0.36
Dietary CHOL 0.62* 0.46 0.55%*
Total fat 0.80*** 0.62* 0.60*
Energy 0.29 0.09 0.28
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FIG. 2. Association between average intake of total saturated
fatty acids (%E) at baseline and 25-year mortality rates from coro-
nary heart disease (%) in the Seven Countries Study. Symbols are
the same as those in Fig. 1.
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FIG. 3. Association between average intake of elaidic acid (%E)

and 25-year mortality rates from coronary heart disease (%) in the
Seven Countries Study. Symbols are the same as those in Fig. 1.



Lipoproteinas e o Transporte de Lipidios Plasmaticos

* O transporte de lipidios no plasma é complexo devido a sua hidrofobicidade.

* Lipoproteinas sao particulas compostas por fosfolipidios, lipidios neutros e
apolipoproteinas responsaveis pelo transporte dos lipidios na circulacao.

Lipidios no plasma Concentrag3o e il LDL HDL

Densidade g/ml 0,93 0,93-1,006 1,019-1,063 1,063-1,21
mg/dL mM x
Diametro nm 75-1200 30-80 18 - 25 5-12
Triglicérides 50-200 0,6-24 Triglicérides o8 > ° !
Colest. e ést. de colest. % 5 19 50 19
Fosfoglicérides 160-250 2,2-3,4 Fosfolipidios % 7 18 22 34
Apolipoproteinas % 2 8 22 42
Colesterol 150-220 3,9-6,2
Apo Al + - - +
AG nado esterificados 14 - 22 0,5-0,8 Apo All - - - +
Apo A IV + - - +
Apo AV - + - +
l Apo By, + (48%) - - -
Apo By - +(25%) +(95%) =
+ 30 g de lipidios na circulagao Apo C| (+) + - +
Apo ClI + + - +
Apo C Il + + - +
Apo D = - - +
Apo E + + + +
Apo M = + - +




Lipoproteinas

* Esquema da estrutura de uma LDL

* A ApoB;o € uma proteina com 4257 residuos de aminoacidos e 5 dominios distintos.

B Cholesterinester C

Amphipathische
B-Faltblatter

freies Cholesterin Amphipathische a-Helices



Quilomicrons

Metabolismo de quilomicrons — via extrinseca
* ApOs entrarem na corrente sanguinea, os quilomicrons recebem ApoC e ApoE das HDLs.

* ApoCll é importante para ativacdo de lipase lipoprotéica (LPL), que catalisa a
degradacao dos triglicerides em AG e glicerol que sao absorvidos pelos tecidos

periféricos e figado. 80% dos triglicérides sao removidos dos quilomicrons pela LPL.

* O gque resta dos quilomicrons (quilomicrons remanescentes) contém ApoB,g, ApoE e

lipidios como o colesterol da dieta.

* O figado, que possui receptores para ApoE internaliza os quilomicrons remanescentes e

finaliza sua degradacao.



Metabolismo de Quilomicrons

ApoAIV
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Quilomicrons
remanescentes
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VLDL - lipoproteinas de densidade muito baixa e
LDL - lipoproteinas de densidade baixa

Metabolismo de VLDL e LDL — via intrinseca

* As VLDL sao sintetizadas no figado e apds sua secrecao recebem ésteres de colesterol,
ApoE e ApoC das HDL.

 ApoCll torna estas particulas suscetiveis a acao da lipase lipoprotéica (LPL), que

hidrolisa os trigliceridios, originando as VLDL remanescentes.

» Estas podem ser internalizadas pelo figado ou serem alvo da lipase hepdtica, originando

as lipoproteinas de densidade intermediarias (IDL).
* As IDL perdem suas ApoE para as HDLs, originando as LDL que contém ApoB100.

e As LDL podem ser captadas pelos tecidos extra-hepaticos ou figado (tecidos que

apresentam LDL-R), uma vez que possuem ApoB;p.



Metabolismo de VLDL e LDL

remanescente

\ 4

glicerol




Lipoproteinas - HDL

Metabolismo de HDL — transporte reverso de colesterol

Transporte reverso do colesterol é o transporte dos tecidos extra-hepaticos para o figado
desempenhado pelas HDL. Tecidos extra-hepaticos nao conseguem degradar colesterol.

O metabolismo de HDL comeca com a sintese e secrecao de ApoAl e ApoAll pelo figado e
mucosa do intestino delgado na circulacao.

Na circulacao, ApoAl, ApoAll, colesterol e fosfolipidios formam as HDL discoidais. O
transportador ABCA1 é responsavel pelo transporte de colesterol para o plasma.

A proteina de transferéncia de fosfolipidios (PLTP) transfere fosfolipidios de lipoproteinas
ricas em trigliceridios para as HDL discoidais.

A lecitina colesterol aciltransferase (LCAT), secretada pelo figado se liga a ApoAl e cataliza
a reacao: colesterol + fosfatidilcolina = éster de colesterol + lisofosfatidilcolina. Isso causa
aumento do conteudo de ésteres de colesterol e diminuicao da fosfatidilcolina na HDL.



Lipoproteinas - HDL

Metabolismo de HDL — transporte reverso de colesterol (cont.)

* Com a incorporacao do colesterol captado nos tecidos extra-hepaticos na superficie da
HDL, forma-se a HDL;. Esta é enriquecida com colesterol e apolipoproteinas proveniente
das VLDL, originando as HDL,.

* Os lipidios presentes nas HDL podem ser captados pelo figado de 3 maneiras:

”

@ Captacao seletiva de ésteres de colesterol através do

@ Atividade da proteina de transferéncia de ésteres de colesterol (CETP), que permite a
troca de ésteres de colesterol das HDL, por triglicérides das VLDL, resultando em HDL,
carregadas de triglicérides e VLDL ricas em colesterol, similares a LDLs. A seguir, a
lipase hepatica degrada os triglicérides das HDL, carregadas com triglicérides, que se
tornam novamente discoidais ou HDL;. As LDL e VLDL ricas em ésteres de colesterol

sao captadas pelo figado devido a presenca do

3 Captacao de HDL, pelo figado através dos



Metabolismo de HDL

Lipase
~ hepatica
S

HDI 5

CE, C, PL



Aterosclerose

Iniciacao da lesao aterosclerotica — estrias gordurosas (fatty streak)

v Disfunc3o endotelial e retencdo de lipoproteinas (ApoB) no espaco subendotelial;

v" Modificacdo das lipoproteinas e ativacdo das células endoteliais, que passam a expressar moléculas

de adesao e a recrutar leucocitos;

v" Transmigracdo de mondcitos, que se diferenciam em macréfagos e internalizam as lipoproteinas,

tornando-se células espumosas.




Aterosclerose
Progressao da placa
v' Células espumosas e endoteliais continuam recrutando leucdcitos para o espaco sub-endotelial;
v Células de musculo liso migram para a les3o, convertendo a estria gordurosa em uma lesdo fibrosa;

v" Algumas células musculares tornam-se células espumosas pela internalizacdo de lipoproteinas




Aterosclerose

v Capa fibrosa com camadas de células musculares e matriz extracelular (coldgeno...);

Placa estavel
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v" A capa fibrosa é mantida pela regulacdo da inflamacdo no nucleo da placa (secrecdo de citocinas
pro-inflamatodrias e fagocitose de células mortas).



Aterosclerose
Placa vulneravel
v" Nucleo da placa com inflamac3o n3do-resolvida - fim do perfil anti-inflamatério;
v" Macroéfagos inflamados sdo menos eficientes no efluxo de colesterol, resultando em necrose;
v' O ambiente inflamatdrio causa morte dos midcitos e reducdo da matriz da capa fibrosa;

v" A ruptura da capa fibrosa expdes componentes pré-trombéticos e o trombo se forma — eventos clinicos

ﬂﬁoptoﬁc lnﬂgmmuayCé

Thin fibrous cap 3%

“mammatory infikrate @8y 111 | mohocyte




Os acidos graxos saturados estao envolvidos na geracao de um ambiente pro-
inflamatodrio que propicia o desenvolvimento da aterosclerose

Perfil aterogénico
4LDL Resisténcia

1iHDL a insulina
AG livres

Fatores pro-inflamatorios
desbalango n6/n3
alcool
estresse
1 poluicdo/ tabagismo
sedentarismo

Inflamacao

I Fatores anti-inflamatorios
exercicio
dleo de peixe
e AG saturados fibras dietéticas
na circulacéo fitoquimicos bioativos

ingesao de
AG saturados

sono regular

lipogénese
de novo

inges.ﬁo de lipélise no
carboidratos tecido adiposo
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Adaptado de:

REVIEWS: CURRENT TOPICS

The relation of saturated fatty acids with low-grade inflammation and
cardiovascular disease

Begoiia Ruiz-Ndfiez*, D.A. Janneke Dijck-Brouwer, Frits A.J. Muskiet



A ativacao de TLR4 é um dos mecanismos de acao pro-inflamatodria dos AG saturados

+ Acidos graxos saturados recrutam Toll-like Receptor-4 (TLR4) para os lipid rafts
* Nos lipid rafts, formam-se homodimeros com as subunidades de TLR4

* A dimerizacdo de TLR4 desencadeia uma cascata de sinalizacao intracelular que culminam na
transcricao de citocinas pré-inflamatérias

TLR4 TLR4

Cell
membrane Lipid raft

Cytosol
eNOS» :
Qy' CMAPKD C_IKK )=
{
Glucose NO ) )
uptake kB »
NF-kB>
Y
CAP1LD (NFxB> '
——> Renin-angiotensin system
A global perspective on the crosstalk between saturated fatty acids and Toll- / Nucl (7 7
like receptor 4 in the etiology of inflammation and insulin resistance / il

Bin Li, Joseph C.K. Leung, Loretta Y.Y. Chan, Wai Han Yiu, Sydney C.W. Tang W

Progress in Lipid Research 77 (2020) 101020 TNFG, 1L1 B, |L6, SOCS3,CCL2, COX2, |FNY, MC



A ativacao de TLR4 é um dos mecanismos de acao pro-inflamatodria dos AG saturados

monocytes/macrophages nutrient overload adipocytes/adipose tissue
NF-xB, JNK, ERK p38, PI3K/Akt [e)e} °5 NF-kB. INK
1 &
, » SAA, HA, ’ , : D68, CD11c, SAA3, PPARy, MIP1
CDl11c, CD40, CD80, CD86, MHC-1I, PAII etc. saturated fatty acids resistin, CD6S, CD11c, SAA3, i

. . . ROS, macrophage infiltration, ER stress
insulin resistance

M1 polarization insulin resistance
* M2 polarization TLR4 activation * IRS1, adiponectin, Akt
hepatocytes/liver N myotubes/skeletal muscle

NF-«B @ NF-«B

—
TNFa, IL1B, IL6, MCP1, ICAM —_— TNFa, IL1B, IL6, ICAM, CCL2
HMGBI, SOCS3, CDl1c @ CD68, SOD2, ceramide

ACCI, FAS, SCD1 macrophage infiltration, ER stress
ER stress, macrophage infiltration insulin resistance
insulin resistance *IRSI, Akt, eNOS, GLUT4

MAPK NF-KB IRF3

* AST, ALT, Akt

=
— fibroblasts

IL6, IL8, MCP1

B cells/pancreas
CCL2, CXCL1
macrophage infiltration

MMP1, MMP3
* PDX1, INS2 pre-mRNA
insulin
microglia/astrocytes/brain endothelia/cardiomyocytes/cardio-vasculature
NF-kB, p38, ERK NF-«B, INK
TNFa, IL-1B, IL6, iNOS TNFa, IL1p, IL6, ICAM, SOCS3

NOX4, BMP4, ROS

NO, ROS, CD11b
insulin resistance, macrophage infiltration

ER stress, macrophage infiltration
insulin and leptin resistance * Akt, eNOS, IRS1, NO

* STAT3

A global perspective on the crosstalk between saturated fatty acids and Toll-
like receptor 4 in the etiology of inflammation and insulin resistance

Bin Li, Joseph C.K. Leung, Loretta Y.Y. Chan, Wai Han Yiu, Sydney C.W. Tang
Progress in Lipid Research 77 (2020) 101020
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Acidos graxos Polinsaturados n-3 Protegem contra Dislipidemia

Faffy acid composition of the Mean values for plasma lipid and lipoprotein
concentrations in Greenland Eskimos, Eskimos living
plasmo llplds in Greenland Eskirnos"2 in Denmark and Caucasian Danes in Denmark
’ ‘ ; Greenland
J. Dyerberg,* M.D., Ph.D., H. O. Bang,* M.D., Ph.D. and N. Hjgrne* Greenland  Eskimos .
The American Journal of Clinical Nutrition 28: SEPTEMBER 1975, pp. 958-966. Eskimos living in ’
Denmark
TABLE 3
Fatty acid composition of cholesterol esters é r 5.93 732 655
P Cholesterol, mmol/liter 5.58 7.30 6.77
Compo- 199 CG3»® R29 feas Compo- G120 CG3»® R29 Triglycerides, mmol/liter 0.43 1.12 0.98
- G/CG |G/R |CG/R n_— ospholipids, mmol/liter 2.92 3.18 291
Chylomicrons, g/liter 0.27 0.24 0.15
M‘ 00 00 00 M 00 00 00 , ns, g/ Nt
12 T 003 000 000 20:0 = 905 018 000 B-Lipoproteins, g/liter 427 5.00 4.58
130 T oo 000 000 202 T 001 000 000 a-Lipoproteins, g/liter 3.64 4.24 3.64
A M 13 00 04| .0 leee M 37 32 00
40 < 122 036 043 83T 33 3w oe
14:1 M 0.0 0.0 0.0 204 M O.gz 3(7)2 44
. i 07 004 T X 1. % 4.02 Sas . .
x 000 = The composition of the Eskimo food in north
M 00 00 00 M 154 00 00 5
130 < o001 o006 o000 205 = 1579 100 008 western Greenland™
6o M 189 122 17 L, no M 00 00 00 H. O. Bang, M.D., Ph.D., J. Dyerberg, M.D., Ph.D., and
= K 19.27 1298 1241 S 001 004 000 H. M. Sinclair, Prof., D.M., D.Sc., F.R.C.P.
. M 9.0 42 38 s | ees . M 00 00 0.0
161 T 923 43 406 22 T 002 000 000 TABLE f3 o _ N
o M 00 00 00 - M 00 00 00 3:;:? ats in Eskimo and Danish food divided
P X 000 o006 004 2 X 012 005 000 Jpes
171 M 0.0 0.0 0.2 ! 224 M 00 00 0.0 Eskimos Danes
3 gz" e 2:0 X g? 2‘:’ gz" Satwrated (% of total fatty acids) 228 527
L : . Te - - . % 7. :
180 < 105 150 09 25 T 001 015 000 M:::“;;"““m'd‘ miny: 3 A
g M 250 196 206 |, |, »ne M 00 00 33 Polyunsaturated (% of total fatty 19.2 12.7
X 2534 2056 2278 P X 09 038 555 acids)
g2 M 203 548 482 o | wo M 00 00 00 P/S ratio 0.84 0.24
“ X 2035 5218 4181 °° T X 03 058 000 Linoleic class (n-6) (g/day/3000 54 10.0
g3 M 00 00 os | g M 00 00 00 kcal)
~ X 002 056 047 e X 088 011 000 Linolenic class (n-3) (g/day/3000 13.7 238
50 M 00 00 00 a2 M 00 00 00 kcal)
“ X 003 000 000 “ X 088 029 000 Monounsaturated, except 16:1 and 296 2.1
wo M 00 00 o5 o | eee| 240 M 00 00 00 18:1 (5/day/3000 keal)
=X 006 000 050 =X 000 004 000




Os AG polinsaturados n-3 Protegem contra a Aterosclerose

Efeito anti-hipertensivo

v' Os AGPI n-3 protegem contra a hipertensdo por diferentes mecanismos:

v" Producdo de prostaglandinas vasodilatadoras

v Inibicdo da enzima conversora de angiotensina, reduzindo a press3do arterial

v Inducdo de Cyp450, contribuindo para a ativacdo da eNOS, aumentando NO — vasodilatacdo

Hypertensive patients
B Systolic BP @ Diastolic BP

n.studies EPA+DHA Duration
Author, year e . :
(n.individuals) (median g/day) (median weeks)
Apple, 1993 6 (291) 5 8 T T S
Morris, 1993 9 (415) 4.75 6 B
Geleijnse, 2002 23 (760) NA NA e
Dickinson, 2006 8 (375) 45 11 PO - S
Campbell, 2013 8 (475) 3.4 11 e
Miller, 2014 16 (942) 3 6 el °
8 7 6 5 -4 3 2 -1 0
mean difference (mm Hg)
Nutrition, Metabolism & Cardiovascular Diseases (2017) 27, 191-200
Available oniine at wwww.sciencedirect com Impact of omega-3 polyunsaturated fatty acids on vascular function

Nutrition, Metabolism & Cardiovascular Diseases and blood pressure: Relevance for cardiovascular outcomes

journal homepage: www.elsevier.com/locate/nmed G. Colussi, C. Catena, M. Novello, N. Bertin, LA. Sechi*




Os AG polinsaturados n-3 Protegem contra a Aterosclerose

Efeito anti-inflamatdrio

v Inibicdo da formac3o de lipid rafts
v" Inibicdo de NFkB via ativacdo de PPAR gama
v" Sintese de resolvinas e eicosanoides

v' Competicdo com ac. araquiddnico pela formacdo de eicosanoides

Estimulos
inflamatorios

|

EPA e DHA Ac. Araquidénico

”00000“'_ '.00000000'. 2 ';ooooooooo 008000000000000000000000000000
» o » @ FH——EPAeDHA — Ac. Araquidénico
pocsccee Y ®20000000c * P 0000000000000000000000000000000000000000
l I EPA e DHA \lAc. Araquiddnico
NFkB | —— | PPARy / \ /

Resolvinas Eicosanoides

Biochimica et Biophysica Acta 1851 (2015) 469-484
Contents lists available at ScienceDirect

. . Biochimica et Biophysica Acta
Citocinas

journal homepage: www.elsevier.com/locate/bbalip

Moléculas de adesao e

Marine omega-3 fatty acids and inflammatory processes: Effects,

etC see mechanisms and clinical relevance™
Philip C. Calder *
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Os AG polinsaturados n-3 Protegem contra a Aterosclerose

Modula¢cao do metabolismo de lipidios — efeitos na expressao génica

Inibicao da sintese e aumento da B-oxidacao de acidos graxos

Effect of
Pathway gene Transcription factor PUFAs References
Lipogenesis Fatores de transcricao modulados por AG
Stearoyl CoA desaturase 1 SREBP-1c, LXRx J 81
Sterol-regulatory element LXRa, PPAR« J 85, 122, 125,
binding protein-1c 126 * PPARa - peroxisome proliferator activated
Fatty acid synthase SREBP-1c, LXR«x J 19, 122
Acetyl CoA carboxylase SREBP-1c, LXRa d 95 receptor alpha
Phosphoenol pyruvate PPAR« J 114, 115
carboxykinase (adipose) o
S14 SREBP-1c¢ ! 19 * SREBP-1c — Sterol regulatory element binding
Fatty acid transport/metabolism protein
Acyl CoA synthetase PPAR« 0 99
Fatty acid transport protein PPAR«x 0 33
Energy utilization/fatty acid oxidation * LXRa — liver X receptor alpha
Carnitine palmitoyl PPAR« 1 9
transferase-1 )
Uncoupling protein-1 PPAR« 0 101b * HNF-4a — Hepatic nuclear factor 4 alpha
Acyl CoA oxidase PPAR«x 0 6
Cholesterol metabolism
Cyp7a hydroxylase HNF-4a, LXR l 66 * NF-kB — Nuclear factor kapp B
HMG CoA synthase SREBP 0 121
ApoCIIl HNF-4a I 42
TNF« NF-«B ) 128
Harini Sampath S A e S Mo

Department of Nutritional Sciences, University of Wisconsin-Madison, Madison,

Wisconsin 53706; email: Sampath@nutrisci.wisc.edu

James M. Ntambi

Departments of Biochemistry and Nutritional Sciences, University of Wisconsin-Madison,
Madison, Wisconsin 53706; email: ntambi@biochem.wisc.edu

POLYUNSATURATED FATTY ACID REGULATION
OF GENES OF LipID METABOLISM




Os AG polinsaturados n-3 Protegem contra a Aterosclerose

Modula¢cao do metabolismo de lipidios

Inibicdo da sintese e aumento da B-oxidacdo de acidos graxos no figado — consequéncia na

secrecao de triglicérides

f Y
® EPA/DHA Dietary Modifications
60 - O EPA/DHA Dietary Modifications (p>0.05)
B EPA/DHA Supplementation Studies
c 0O EPA/DHA Supplementation Studies (p>0.05) A
o 40 + ALA Supplementation Studies (p>0.05)
= A ALA Dietary Modifications
'Q X /, ALA Dietary Modifications (p>0.05)
2 o 20 1
v 3 % . A
-5 B oo n-3 PUFA consumption (g /day)
g ; 0 '—‘%-B'Q—g—v—.—” A A
4 c o 1 T T T
2= 0 O g ? i 9. 5 6 7 8
0 A

£ 3 Bn =4 a °
A “.20 - ‘ g0 O n B . A
£ ° m NNy &
£ [} 8
S ® [} "

-40 - B .

a
-60 -
Fig. 2 The percent change in serum TG levels from baseline values in normolipidemic and borderline hyperlipidemic subjects receiving n-3 PUFA
either through the diet or supplemental forms. Shaded markers indicate changes from baseline that are statistically significant (p < 0.05)
. J

A review of the effect of omega-3
polyunsaturated fatty acids on blood
triacylglycerol levels in normolipidemic and
borderline hyperlipidemic individuals

Michael A. Leslie®, Daniel J. A. Cohen', Danyelle M. Liddle, Lindsay E. Robinson and David W. L. Ma"



Variabilidade das respostas a componentes da dieta na prevencao de DCV

The Impact of Common Gene
Variants on the Response of
Biomarkers of Cardiovascular
Disease (CVD) Risk to
Increased Fish Oil Fatty

Acids Intakes

Jacqueline Madden,! Christine M. Williams,'

Philip C. Calder,” Georg Lietz,’ Elizabeth A. Miles,?
Heather Cordell,? John C. Mathers,’

and Anne Marie Minihane!-#

Table 1 Frequencies of triacylglycerol (TAG) responders and nonresponders to fish oil
consumption as observed in the Fish Oil Intervention and Genotype (FINGEN) Study (15)

Frequency Percent
Responder 213 69
Nonresponder 97 31
Total 310 100

Nonresponder definition: no reduction in TAG after eight-week consumption of 1.8 g eicosapentaenoic acid +
docosahexaenoic acid/day.

Principais motivos de fracasso dos estudos de intervengao com AGPI n3:

Dose equivocada
Populacao inadequada
Estudos mal controlados
Baixa complacéncia
Qualidade do suplemento
FATORES GENETICOS



Variabilidade das respostas a componentes da dieta na prevencao de DCV

Tissue
predominantly Chromosome
Protein produced by Gene position Nature of variation Protein function References
CD36 Macrophages CD36 7ql1.2 rs1527483 G/A intron Scavenger receptor involved in the (66)
Hepatocytes rs1049673 G/C 3’ near uptake of oxidized LDL into
Myocytes gene macrophages, leading to foam cell
Adipocytes rs1761667 G/A intron formation Aids transport of LC
Endothelial rs1984112 G/A intron PUFAs into a range of cells
cells
PPAR«x Liver PPARA 22q13.31 rs1800206 C>G exon Regulates multiple genes involved in (14, 83, 89, 90,
Muscle Leul62Val triglyceride, cholesterol, 109, 118, 126)
Heart rs1800234 T>C exon apolipoprotein and lipoprotein
Adipose Val227Ala synthesis, and fatty acid oxidation
Kidney rs6008259 G>A 3’ UTR
rs3892755 C>T 3'UTR
PPARYy Most tissues PPARG 3p25 rs1805192 C>G exon Regulates inflammatory gene (62, 95)
Prol2Ala transcription, adipocyte
differentiation, and insulin
sensitization
NF-«B Most tissues NFKBI1 4q24 rs28720239 ATTG/- 5 Regulates inflammatory gene (28)
near gene —94 transcription
Cyclo- Activated cells PTGS2 1925 rs4648308 G>A 3’ near Competitively metabolizes AA and EPA | (29, 42, 103, 104,
oxygenase at sites of gene to prostaglandins and thromboxanes 108)
2 inflammation rs4648310 A>G 3’ near
Platelets gene
Endothelial rs5275 T>C3'UTR +6365
cells rs5277 G>C exon neutral
Val102Val
rs689466 A>G 5’ near gene
—1329
5-Lipoxygenase | Monocytes ALOXS 10q11.2 Variable number of tandem | Competitively metabolizes AA and EPA | (23)
Macrophages Sp1 binding sites (3-8) in to leukotrienes
Neutrophils gene. Common allele = 5
Mast cells Sp1 binding sites
PGE4 receptor | Smooth muscle | PTGER4 5pl3.1 rs111866313 G>A exon Mediates effects of PGE2 in target cells | (84)

Hypothalamus

Val2941le

and tissues




Daidzeina e Doencas Cardiovasculares

* Fitoestrégenos sao compostos fitoquimicos cuja estrutura se assemelha ao estradiol

* Isoflavonas sao uma classe de polifendis com atividade fitoestrogénica

daidzein

aunsayut

dihydrodaidzein dehydroequol

OH
HO OH

HO I o O
\(J\‘\ I IO
O OH
OH

S 1
( (-)]:;‘L)m O-desmethylangolensin

17-B-estradiol
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Interindividual Variation in Metabolism of Soy
Isoflavones and Lignans: Influence of Habitual Diet
45000 : :
_ on Equol Production by the Gut Microflora
40000 - lan R. Rowland , Helen Wiseman , Tom A. B. Sanders , Herman Adlercreutz &
‘ Elizabeth A. Bowey
35000 - 1
30000 - -
=
© 25000 -
=
(— ~ o
20000 - -
15000 - i I
10000 - i
5000 - E
0 \ dl 4l _
4 5

6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22
Subject number

Figure 1. Urinary equol (solid bars), O-desmethylangolensin (hatched bars), and daidzein excretion (open bars) in 22 subjects after high-isoflavone dietary
treatment period.
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Effect of soy nuts and equol status on blood
pressure, lipids and inflammation in
postmenopausal women stratified by metabolic
syndrome status™

Subroto Acharjee® !, Jin-Rong Zhou®, Tarec K. Elajami®, Francine K. Welty **

2 Division of Cardiology, Beth Israel Deaconess Medical Center, 330 Brookline Ave, Boston, MA
® Nutrition/Metabolism Laboratory, Beth Israel Deaconess Medical Center, 330 Brookline Ave, Boston, MA

Table 4 - Pre- (control) and post- (soy) dietary intervention results in women with and without metabolic syndrome.

Variable (unit) No Metabolic Syndrome (n = 49) Metabolic Syndrome (n = 11) P at
- c
Control Soy Change (%) P value® Control Soy Change (%) P value” baseline

BMI (kg/m?) 246 + 3.8 247 + 3.8 None 0.14 31.8 + 4.6 314+ 49 1.3] 0.09 <0.001
SBP (mmHg) 120.0. = 15.0 112.9 + 148 5.9] <0.001 136.6 + 241 1274+ 173 6.7| 0.10 0.005
DBP (mmHg) 712 + 10.8 68.8 + 9.8 34| 0.008 79.3 + 8.6 75.0 + 8.0 5.4| 0.03 0.02
Exercise (min/wk) 167.5 + 145.7 160.6 + 137.6 4.1| 0.39 1213 +77.2 1100+ 87.0 9.3| 0.51 0.28
Glucose (mg/dl) 97.7 £ 10.7 96.5 + 9.7 1.2) 0.26 100.1 = 7.7 98.0 + 8.5 2.1) 0.35 0.48
Total-C (mg/dl) 2223 +40.2 22233 +36.4 None 0.96 2404 + 59.5 2239 +488 6.9] 0.09 0.20
LDL-C (mg/dl) 138.7 + 32.4 1396 + 31.8 0.61 0.63 148.6 + 56.1 1403 +44.3 56| 0.34 0.39
HDL-C (mg/dl) 59.3 + 13.4 60.7 + 12.1  2.31 0.12 45.6 + 8.7 45.0 + 9.1 1.3 0.56 0.001
TG (mg/dl) 91.2 + 76.4 88.9 + 65.7 2.5] 0.59 192.3 + 109.8 158.1 + 74.5 17.8| 0.04 <0.001
TG/HDL-C 1522 14+14 6.7) 0.22 42+ 44 35%25 16.7| 0.06 <0.001
sICAM-1 (ng/ml) 276.6 +57.4  280.5 +55.3 1.4t 0.40 3221 +57.0 3055+459 52| 0.04 0.02
sVCAM-1 (ng/ml) 600.0 + 125.8 579.4 + 107.6 3.4] 0.06 568.4 +83.2 5412 +77.6 48| 0.08 0.43
CRP (mg/dl) 0.10 = 0.21 0.07 £ 0.09 30.0) 0.01 0.17 + 0.80 0.15+0.72 11.8| 0.04 0.22

Values given as mean + SD. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Total-C, total cholesterol; LDL-C, low-
density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; sVCAM-1, vascular cell adhesion molecule-1; SICAM-
1, soluble intercellular adhesion molecule-1; CRP, C-reactive protein; |, percent decrease; and 1, percent increase on soy nuts versus control.

* Post-dietary intervention values in women without metabolic syndrome on the soy diet compared to the control diet.
b post-dietary intervention values in women with metabolic syndrome on the soy diet compared to the control diet.
¢ Baseline values in women with metabolic syndrome compared to women without metabolic syndrome.
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Table 5 - Pre- (control) and post- (soy) dietary intervention levels in women with metabolic syndrome stratified by equol

production.

Variable (unit) Equol producers (n = 7) Equol non-producers (n = 4) P at

baseline
Control Soy Change (%) P value® Control Soy Change (%) P value®

BMI (kg/m?) 314 +54 309 +5.7 16| 0.10 325+34 32338 0.61 0.65 0.73

SBP (mmHg) (18305 27712325 2015875 0.22 1425 + 179 134.6 + 8.9 5.5] 0.30 0.57

DBP (mmHg) 79:1 £9:9 73.0+8.7 7.7| 0.02 79.6 + 6.8 78.6 + 6.2 1.2] 0.66 0.94

Exercise (min/wk) 80.0 + 56.7 80.2 +45.3 0.21 0.99 173.0.0 +59 147.2 + 122.2 14.9| 0.51 0.02

Glucose (mg/dl) 101.7 £ 9.2 101.7 + 6.7 None 1.00 973+32 91581 6.0] 0.11 0.38

Total-C (mg/dl) 237.1+714 228.0+56.9 3.8|] 0.25 246.0 + 39.7 2163 +35.6 121 0.26 0.81

LDL-C (mg/dl) 140.6 + 68.1 141.2 + 54.0 0.41 0.93 1629 + 32.3 138.7 +25.6 14.8| 0.27 0.51

HDL-C (mg/dl) 44.2 + 10.8 450+ 116 1.81 0.60 48.2 + 3.3 449 + 2.7 6.8 0.11 0.53

TG (rng/dl)- 199.5 + 137.0 153.8 + 88.3 22.9| 0.02 180.7 + 17.3 166.3 + 53.9 8.0) 0.66 0.29

TG/HD-L-C 4.5+ 54 34+32 244| 0.01 3.8+ 0.5 S 2.6) 0.97 0.68

SICAM-1 (ng/ml) 3413 +51.7 316.3+464 7.3| 0.03 288.5 + 55.5 286.7 + 44.3 0.3} 0.86 0.15

sVCAM-1 (ng/ml) 567.8 +954 542.8 +89.2 44| 0.19 569.2 + 69.6 538.3 + 64.3 5.4] 0.32 0.98

CRP (mg/dl) 014 +1.00 0.11+0.92 214 0.01 034+024 036+020 561 0.59 0.47 |

Values given as mean + SD. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Total-C, total cholesterol; LDL-C, low-
density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; sVCAM-1, vascular cell adhesion molecule-1; SICAM-
1, soluble intercellular adhesion molecule-1; CRP, C-reactive protein; |, percent decrease; and 1, percent increase on soy nuts versus control.

? Post-dietary intervention values in equol-producing women on the soy diet compared to the control diet.

b Post-dietary intervention values in non-equol-producing women on the soy diet compared to the control diet.

¢ Baseline values in women with metabolic syndrome stratified by equol production status.




RESUMO

» No comeco do século 20 identificou-se a associacdo do colesterol com a aterosclerose. Na década de 50, foi
estabelecida a relacdo entre os AG saturados, dislipidemia e doencgas cardiovasculares e o efeito benéficos dos AG poli-
insaturados n-3 na reducao dos lipidios plasmaticos.

» Lipoproteinas sdo compostas for apolipoproteinas e lipidios responsaveis pelo transporte de lipidios no sangue .
v Quilomicrons s3o secretados pelo intestino e transportam os lipidios da dieta;
v" VLDL s3o lipoproteinas liberadas pelo figado, ricas em trigliceridios
v’ LDL s3o derivadas das VLDL e s3o ricas em colesterol;

v HDL s3o formadas na circulagdo pela captagdo de colesterol dos tecidos, que serd transportado ao figado.

» Desenvolvimento da Aterosclerose
v’ As placas de aterosclerose iniciam-se pela infiltracdo de LDL no espaco subendotelial e atracdo de mondcitos que ao fagocitarem
essas particulas se convertem em células espumosas, originando as estrias gordurosas.
v/ Com o passar do tempo acumulam-se células espumosas e ha migracdo de células da musculatura lisa para a lesdo aterosclerdtica,
formando a capa fibrosa.
v/ Em estagios avancados da doenca e em condi¢cdes pré-inflamatdrias, a capa fibrosa rompe-se, expondo o nucleo da lesdo e causando
a formagao do trombo.

» O excesso de AG saturados na dieta é um fator de risco para as doencas cardiovasculares:
v’ Estimulam vias de sinalizacdo pré-inflamatdrias de varias formas, entre elas a ativacdo de Toll-like receptor 4;

» AG polinsaturados n-3 previnem doencas cardiovasculares através de diferentes mecanismos:
v’ S3o substrato para a sintese de mensageiros lipidicos antinflamatérios;
v’ Afetam a composicdo dos lipidios de membrana influenciando a formac&o de lipid rafts;
v’ Previnem a hipertens3o arterial;
v’ Ativam o fator de transcricdo PPARq, que estimula a expressdo de genes envolvidos na oxidacdo de AG e inibe a lipogénese.

» O efeito de nutrientes e compostos fitoquimicos da dieta nas doencas cardiovasculares depende amplamente de
fatores genéticos e da microbiota intestinal.



